Ultrastructural alterations induced by 1-methyl-4-phenylpyridinium (MPP+) in canine substantia nigra and rat mesencephalon in vitro.
Explants of canine substantia nigra (SN) and rat mesencephalon (MES), grown in organotypic culture, were incubated with 1-methyl-4-phenylpyridinium (MPP+) and examined for ultrastructural changes. Prolonged exposure (3 days) to doses ranging from 0.1 nM to 10 microM MPP+ resulted in total destruction of all constituents (neuronal and glial) of canine SN cultures. No association was noted between MPP+-induced toxicity and age of canine SN cultures. The first ultrastructural change observed in canine SN cultures incubated with 0.1 nM MPP+ was at 3 h. Grossly swollen mitochondria were noted in large nerve cells. Swollen mitochondria were present in all cells of canine SN cultures by 8 h of incubation with MPP+. Only those rat MES cultures with relatively high preincubation levels of homovanillac acid, determined as an index of viable dopaminergic neurons, incubated with MPP+ (10 microM) for up to 8 days exhibited ultrastructural changes, namely, a swelling of mitochondria within the cytoplasm of large nerve cells. These findings suggest that continual exposure to MPP+ in vitro results in a generalized, nonspecific toxicity in those species known to be susceptible to the parent compound 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine in vivo. However, the initial ultrastructural change, i.e., a swelling of mitochondria, may be the same in all species regardless of sensitivity suggesting that the ultimate mechanism underlying MPP+-toxicity relates to mitochondrial function.